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(54) Tide: CLOSED-LOOP AIR COOLING SYSTEM FOR A TURBINE ENGINE 
(57) Abstract 



Method and apparatus are disclosed 
for providing a closed-loop air cooling sys- 
tem for a turbine engine. The method and 
apparatus provide for bleeding pressurized 
air from a gas turbine engine compressor 
for use in cooling the turbine components. 
The compressed air is cascaded through the 
various stages of the turbine. At each stage 
a portion of the compressed air is returned 
to the compressor where useful work is re- 
covered. 
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CLOSED-LOOP AIR COOLING SYSTEM FOR A TURBINE ENGINE 

Field of f he Inva«f <nr. 
The invention relates to cooling systems for use 
with turbine engines. More particularly, the invention 
relates to closed-loop cooling systems for returning air to 
the compressor cycle of a gas turbine engine after its use as 
a coolant in the combustion cycle. 

BaclctTroiiipH of the Invention 
Current gas turbine engines have peak temperatures 
in the combustor approaching 3 0 00<»F, yet alloys used to 
construct the turbine engines have melting points in the range 
of 2200 to 2400«F. Consequently, ample cooling of the turbine 
engine components is required. Both open- loop and closed loop 
cooling systems have been developed to provide turbine engine 
cooling needs. 

Both types of systems commonly use pressurized air 
as a cooling medium. High pressure air provides better heat 
transfer characteristics than low pressure air as well as 
providing leakage or film cooling of turbine components. In 
open-loop cooling systems, spent cooling air passes through 
the cooled component and into the hot gas path. To pass out 
through the component, the cooling air must have sufficient 
pressure to overcome the pressure within the path. 
Additionally, the pressurization is required for leakage 
supply, so that air can escape from the component while 
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preventing the hot gas from entering the component, 
result of the need to overcome the surrounding pressure, 
components closer to the combustor. which experience higher 
pressures and hotter temperatures, require higher pressure 
cooling air. Conversely, components further from the 
combustor require less pressure. 

According to conventional air cooling systems, the 
pressurized air requirements are met by bleeding air out of 
the compressor stages and feeding that air to the turbine 
stages. After use in cooling, the spent cooling air combines 
with the main turbine gas flow and exits the turbine through 
the exhaust system. To minimize the thermodynamic penalty, 
open-loop cooling systems remove the air from the lowest 
, possible compression point. An exemplary turbine employing 
15 ' such an open loop system is described in Scalzo et al . , A New 
150MW High Efficiency Heavy-Duty Combustion Turbine, ASME 
Paper No.88-GT-l62 (1988). Significantly, in open-loop air 
cooling systems, spent cooling air is bled into the gas path 
where it passes out of the turbine engine with the exhaust. 
Such a design is inefficient because the spent cooling air 
dilutes the main gas flow thus performing less useful work 
than it would have had it been heated in the combustion 
process . 

Closed-loop cooling systems have been proposed that 
use an external compressor to provide the necessary pressure 
to circulate the coolant and to generate the required hea- 
transfer characteristics. In such a system, air circulates 
out of the turbine after providing the cooling and is r-e - 
compressed before being injected directly into the combustor. 
30 However, this type of closed-loop cooling system requires 
expensive external compressors. Applicants have recognizee 
that more efficiency can be gained if the external compressors 

can be eliminated. 

Thus, there is a need for a closed-loop cooli:. i 
35 system for use in a turbine engine that recovers zr.. 
compressed air after it has been used in cooling without tr.- 
need for external compressors. 
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fliiwima of the Invention 

The present invention meets the needs above by 
providing closed-loop air cooling to each turbine stage by 
bleeding pressurized air from the compressor and providing the 
5 air to the turbine. After the pressurized air has removed 
heat from each turbine stage, it is routed out and cooled to 
a predetermined temperature. Next, a first portion of the 
pressurized air is routed into the next stage of the turbine. 
A second portion of the pressurized air is routed back to the 
10 compressor. This procedure is repeated for each turbine 
stage . 
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Brief Deaeripfcl on of thg Pra^wingp 

The foregoing summary, as well as the following 
detailed description of the preferred embodiment, is better 
understood when read in conjunction with the appended 
drawings. For the purpose of illustrating the invent ic.n, 
there is shown in the drawings an embodiment that is presently 
preferred, it being understood, however, that the invention 
is not limited to the specific methods and instrumentalities 
20 disclosed. 

In the drawings : 

FIGURE 1 is a schematic depiction of a gas turbi.-.e 
engine using a closed- loop system in accordance with th- 
present invention; 

FIGURE 2 is a sectional view of a cooling circuit 
through the turbine stages of the turbine engine. 

FIGURE 3 is a sectional view of the injection pat.-. 
of the spent cooling air into the compressor stages. 



25 



BNSDOCID: <WO 973821 9A1 I > 



PCT/US97/04484 

WO 97/38219 

■ . . 

Da tailed Degeription of a Preferred ie inV»f»rf-imgnt 

Referring now to the drawings wherein like numerals 
indicate like elements throughout, FIGURE 1 presents a diagram 
of an exemplary turbine engine 10 employing a closed- loop 
5 cooling system according to the present invention. 
Significantly, the present invention could be adapted to a 
turbine engine 10 with any number of compressor and turbine 
stages. However, for purposes of illustration, FIGURE 1 
demonstrates the present invention adapted for use in a 
10 turbine engine 10 having sixteen compressor stages 23 and four 
turbine stages 33. For clarity, each compressor and turbine 
stage is depicted in FIGURE 1 as a set of dashed lines. As 
is better depicted in FIGURES 2 and 3, each compressor stage 
23 and turbine stage 33 comprises a set of vanes 21, 31 and 

15 blades 22, 32. 

As in all conventional turbine engines, air flows 
axially through the turbine engine 10 depicted in FIGURE 1 . 
Initially, the air flows in through the multiple stages of the 
compressor 20, with each stage further compressing the air. 
20 After the final compressor stage 23, the air reaches the 
compressor discharge point. There, the compressed air enters 
the combustor 40 and mixes with fuel. The air and fuel 
mixture is then fired and expands outward through the multiple 
stages of the turbine 30. The hot gas expanding out through 
25 the turbine 30 generates intense heat in the components (e.g. , 
vanes and blades) in the gas path. 

According to an aspect of the present invention, a 
more efficient cooling system is attained by bleeding air out 
of the compressor 20 before it reaches the combustor 40, using 
30 that bleed air to cool the components within the turbine 3 0 
and then returning the bleed ai- to the compressor 20. 
According to the presently prefer. 1 embodiment, the air is 
bled from the compressor 20 at the discharge point, i.e., just 
before entry into the combustor 40. Before use in cooling, 
35 this compressor discharge air is directed out of the turbine 
engine 10, cooled and filtered. Then, it is returned to the 
turbine engine 10 to be cascaded through each of the fou 
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stages in the turbine 30. During the cascading through the 
stages of the turbine 30, the air enters each stage, removes 
heat from components then exits, where the pressurized air is 
once again cooled before cascading to the next stage of the 
5 turbine 30. After each stage, a portion of the pressurized 
air is returned to the compressor 20 and a portion of the 
pressurized air advances to the next stage. Each subsequent 
stage of the turbine 30 demands less pressure than the 
previous stage as the pressure and temperature decreases 

10 within each stage. To maximize air pressure recovery and, 
thus efficiency, the pressure demands flowing to the next 
stage of the turbine 3 0 are regulated such that substantially 
the minimal necessary pressure is provided. Excess 
pressurized air is returned to the compressor 20, where useful 

15 energy is recovered. 

Further details of the current invention will now 
be described with respect to an exemplary turbine engine 10. 
Those details are for illustration purposes only, as the 
present invention is equally applicable to other turbine 
20 engines. Thus, all references to temperatures, pressures, 
stages and the like will vary according to the specifics of 
a particular turbine engine. 

As described above, the turbine engine 10 depicted 
in FIGURE 1 comprises sixteen compressor stages 23 . According 
to the presently preferred embodiment, after intake air has 
passed sixteen compressor stages, a portion of the compressed 
air will be bled out at the compressor discharge point as 
indicated by line 28. This pressurized air will have a 
predetermined pressure (e.g., 350 PSI) and temperature (e.g., 
lOOO'F) . To enhance the pressurized air's cooling capability, 
it is routed through cooler 44a. Note that cooler 44a is 
optional. It is possible to cool the stage one turbine 
without the cooler 44a. However, the subsequent coolers 44 
are required. The air exiting cooler 44a has a desired 
temperature, e.g., approximately 3 00»F. determined to provide 
satisfactory cooling of the turbine components. Similarly, 
at each subsequent stage of turbine cooling, the air is 
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similarly routed through a cooler 44. The coolers 44 are of 
a type well-known in the art, such as air-to-air. air-to-steam 
or air-water. Therefore, the details of such coolers 44 are 
left out of the present description for brevity and clarity. 
5 The air exiting the first cooler 44a is routed via 

line 37 into the first stage of turbine 30. where it enters 
Che turbine cooling circuit illustrated in FIGURE 2. The 
section of turbine 30 shown has four turbine stages 33. 
Following the flow of cooling air through the cooling circuit. 
10 the cooling air first enters the turbine 30 at stage one via 
conduit 37a. The cooling air then enters the manifold via an 
air inlet and flows through the manifold 36 and into the first 
stage components, e.g.. vane 31. Heat is removed from the 
components according to well-known techniques such as 
15 impingement or internal convection cooling. Significantly, 
the air flows into and out of the components then travels back 
through the manifold 36 and out via an air outlet in flow 
communication with conduit 38a. After the air has exited 
stage one of the turbine 30. it flows through cooler 44b 
20 before use in the next stage of the turbine 30. 

After the /air exits cooler 44. a portion of the 
pressurized air will flow on to the next stage of the turbine 
30. However, according to the present invention, subsequent 
stages may not require all of the pressurized air exiting the 
25 previous stages. Thus, a portion of the air is shunted back 
to the compressor 20. The shunting of air back to the 
compressor 20 is regulated by control valve 42. 

According to the presently preferred embodiments, 
control valve 42 may be either pressure or temperature 
30 sensitive. In the case of pressure sensitivity, the valve 42 
will regulate the pressure in the next turbine stage 33 to 
maintain a predetermined level. Any remaining air will be 
allowed to flow through the valve 42 and will be injected back 
into the compressor 20. Thus, the control valve 42 wxll 
3 5 properly react to changing ambient conditions, such as changes 
in ambient temperature and pressure, to maintain the required 
pressure within the turbine cooling circuit. 
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Alternatively, the control valve 42 may be 
temperature sensitive. In such a case, a thermocouple (not 
shown) embedded in the next turbine stage 33 will provide 
temperature information to the control valve. As a result, 
5 the control valve 42 will adjust the pressure accordingly to 
maintain a preset temperature. 

As noted above, each subsequent stage of turbine 30, 
requires less pressure than the preceding stage'. 
Consequently, the pressure of the air returned to the 
compressor 20 continually decreases and must be injected into 
the compressor 20 at different stages. For example, the air 
pressure returned to the compressor via valve 42b may be 
approximately 200 PSI, while the air pressure returned to the 
compressor 20 via valve 42c will be approximately 125 PSI, and 
the air pressure returned via valve 42d will be approximately 
75 PSI. Thus, as best illustrated in FIGURE 1, return air 
from stage one of the turbine 30 flows to stage fourteen in 
the compressor 20. stage two of the turbine 3 0 flows to stag- 
eleven in the compressor 2 0 and stage three of the turbine 3 0 
flows to stage eight of the compressor 20. 

FIGURE 3 illustrates the presently preferred 
embodiment for the injection circuit of return air into the 
compressor 20. As shown, manifold 24 surrounds the compressor 
20. Return air flows into the manifold 24 which is connected 
25 to conduits 26 via air inlets. For . example, conduit 2^.a 
carries the airflow from stage three of turbine 30 into staa- 
eight of the compressor 20. The injection stage will 
selected such that the return air will have a pressure tha-. 
substantially corresponds to the pressure of within the stace 
of the compressor 20 wherein it is injected. The return air 
will then combine with the air flow path through c.h- 
compressor 20 and complete the turbine cycle. 

The present invention may be embodied in oth-?: 
specific forms without departing from the spirit or essentia, 
attributes thereof; for example, a similar technique could 
utilized to provide cooling to the blades rather than 
vanes as depicted in the FIGURES. Accordingly, referer..- 
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should be made to the appended claims, rather than to the 
foregoing specification, as indicating the scope of the 
invention . 
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WHAT I CLAIM Tfi ♦ 

1. In a turbine engine having a compressor and a 
turbine, an apparatus for cooling the turbine, comprising: 

first means in flow communication between the 
compressor and the turbine for bleeding pressurized air from 
5 the compressor into the turbine; 

second means in flow communication between the 
turbine and the compressor for returning at least a portion 
of said pressurized air back to the compressor. 

2. The apparatus as recited in claim 1 further 
10 comprising third means disposed between the compressor and the 

turbine for cooling pressurized air to a predetermined 
temperature . 

3. The apparatus as recited in claim 1, wherein 
said turbine comprises at least two turbine stages, further 

15 comprising fourth means in flow communication between said at 
least two turbine stages for providing at least a portion of 
said pressurized air from one of said at least two turbine 
stages to another one of said at least two turbine stages. 

^° 4- The apparatus as recited in claim 3 further 

comprising cooling means disposed within said fourth means. 

5. The apparatus as recited in claim 4 wherein 
said cooling means comprises one of an air-to-air cooler, an 
air-to-steam cooler, and an air-to-water cooler. 
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6 . The apparatus as recited in claim 3 further 
comprising a control valve for portioning the pressurized air 
such that a second portion of said pressurized air returns to 
the compressor . 

5 7 . In a gas turbine engine having a compressor and 

a turbine with a cooling circuit, a closed- loop cooling system 
for the turbine, comprising: 

a first compressor cooling air outlet in flow 
communication with pressurized air generated by the 

10 compressor ; 

a first turbine cooling circuit inlet in flow 
communication with the cooling circuit within the turbine; 

a first conduit in flow communication between said 
first compressor cooling air outlet and said first turbine 
15 cooling circuit inlet such that pressurized air is supplied 
to the turbine from the compressor; 

a first turbine cooling circuit outlet in flow 
communication with the cooling circuit within the turbine; 

a first compressor return air inlet in flow 
2 0 communication with the pressurized air within the compressor; 
and, 

a second conduit in flow communication between said 
first turbine cooling circuit outlet and said first turbine 
cooling circuit inlet such that at least a first portion of 
25 said pressurized air is returned to the compressor from the 
turbine . 

8 . The apparatus as recited in claim 7 further 
comprising a cooler disposed along said first conduit such 
that said pressurized air is cooled to a predetermined 

30 temperature before entering the cooling circuit within the 
turbine . 

9, The apparatus as recited in claim 8 wherein 
said cooler comprises one of an air-to-air cooler, an air-to- 

35 steam cooler, and an air-to-water cooler. 
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10. The apparatus as recited in claim 6, wherein 
the turbine has at least two stages each stage having a 
cooling circuit and wherein said first turbine cooling circuit 
outlet is coupled to one of the stages of the turbine, further 
5 comprising: 

a second turbine cooling circuit inlet in flow 
communication with the cooling within an other one of the 
stages of the turbine; 

a conduit coupled between said first turbine cooling 
circuit outlet and said second turbine cooling circuit inlet 
such that a second portion of pressurized air flows out of 
said one of the stages of the turbine and into an other one 
of said stages of the turbine . 



10 



11. The apparatus as recited in claim lo further 
15 comprising a second cooler disposed between said one of t.he 
stages of the turbine and said other one of the stages of the 
turbine such that said portion of pressurized air is cooled 
to a predetermined temperature before flowing into said an 
other one of said stages of the turbine. 

^° ^2, The apparatus as recited in claim 7 further 

comprising a control valve disposed between said turbine and 
said compressor such that the amount of pressurized air in 
said first portion and said second portion is regulated. 
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13. In a gas turbine engine having at least two 
compressor stages and at least two turbine stages wherein each 
turbine stage has a plurality of vanes, a method for providing 
closed- loop air cooling to the plurality of vanes in each of 
the turbine stages, comprising: 

bleeding pressurized air from one of the compressor 
stages for use in cooling the turbine; 

routing said pressurized air into the plurality of 
vanes in one of the turbine stages; 



BNSDOCID: <WO ^973821 9A1_I_> 



PCT/US97/04484 

WO 97/38219 

- 12 - 

routing said pressurized air out of the plurality 
of vanes after said pressurized air has removed heat from the 
vanes 

routing a first portion of said pressurized air into 
5 the plurality of vanes in an other one of the turbine stages; 
and, 

returning a second portion of said pressurized air 
back to the compressor at an other one of said compressor 
stages . 

The method as recited in claim 13 ^further 
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comprising the step of cooling pressurized air to 
predetermined temperature after said bleeding step. 

15. The method as recited in claim 13 wherein said 
means for routing comprises a conduit. 

16. The method as recited in claim 15 wherein said 
means for cooling comprises one of an air-to-air cooler, an 
air- to-steam cooler, and an air-to-water cooler. 

17. The method as recited in claim 16 wherein said 
means for bleeding air comprises a manifold coupled co a 

20 discharge end of the compressor. 

18- In a gas turbine engine having at least two 
compressor stages and at least two turbine stages wherein eacn 
turbine stage has a plurality of vanes, a method for providing 
closed-loop air cooling to the plurality of vanes in each 
25 turbine stage, comprising: 

bleeding pressurize air from one of the compressor 
stages into the plurality of v^nes in one of the at least twc 

turbine stages; ^ 

routing said pressurized air out of the plurality 
30 of vanes after said pressurized air has removed heat from the 
vanes 
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cooling said pressurized air to substantially a 
predetermined temperature; 

routing a first portion of said pressurized air into 
the plurality of vanes in an other one of the at least two 
5 turbine stages; and, 

returning a second portion of said pressurized air 
back to the compressor at an other one of said at least two 
compressor stages. 
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